REMARKS 



In view of the above amendments and the following remarks, further examination and 
reconsideration of the objections and rejections in the Office Action of July 25, 2008 are 
respectfully requested. 

The specification and abstract have been carefully reviewed and revised to make 
grammatical and idiomatic improvements in order to aid the Examiner in further consideration of 
the application. The amendments to the specification and abstract are incorporated in the 
attached substitute specification and abstract. No new matter has been added. Also attached 
hereto is a marked-up version of the changes made to the specification and abstract by the 
current amendment. The attachment is captioned " Version with Markings to Show Changes 
Made " 

In item 4 of the Office Action, it is indicated that drawing Figure 7 should be designated 
as prior art, because only that which is old is illustrated. Drawing Figure 7 has been amended 
herein to contain a label designating it as prior art. Thus, withdrawal of this objection is 
respectfully requested. 

In item 6 of the Office Action, claims 1-4 and 6-9 were rejected under 35 USC § 102(b) 
as being anticipated by Minechika et al. (EP 1355300). The claims have been amended to 
further distinguish the present invention over the prior art of record. Thus, this rejection is no 
longer applicable to claims 1-4 and 6-9 for the reasons below, and withdrawal of this rejection is 
respectfully requested. 

Claims 1 and 9 recite a servo position adjustment method and a device, respectively, 
having a first servo position adjustment step, a recording step of recording a predetermined 
signal under the effect o/the first servo position adjustment, a reproduction step, and a second 
servo position adjustment step. This is not disclosed in the prior art of record. 

Minechika discloses a disc apparatus which performs two position adjustments; however, 
the recording step disclosed in Minechika is independent of the first servo position adjustment. 
(It appears that citations of Minechika in the Action may refer to the patent publication rather 
than pre-grant publication. The Applicants have attempted to conform to this paragraph 
numbering in the citations below.) 
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The optimal defocus value DFte (optimal defocus for tracking error - identified in the 
Action with the first servo position adjustment) is a determination of the optimal position for a 
seek process (see paragraph 34, beginning "In a seek process, the optimal defocus value. . . ."). 
The test writing in the apparatus of Minechika (identified in the Action with the recording step) 
is performed to determine the optimal defocus values DFrfl and DFrfg (optimal defocus for radio 
frequency error for lands and grooves, respectively, the former being identified in the Action 
with the second servo position adjustment). However, DFrfl is a determination of the optimal 
position for a decoding process (see paragraph 34). 

In a reproduction process in Minechika (for example, see Figure 17), the defocus value is 
set to DFte to seek the destination track . Then, the defocus value is set to DFrfl or DFrfg to find 
the target address. The second adjustment is not under the effect of the first adjustment; the two 
defocus values are independent optimizations for different processes (see, for example, 
paragraph 49 beginning "In a step S155, a reproduction destination track...."). 

Thus, Minechika does not anticipate the present invention as recited in claims 1 and 9. 
Further, no obvious interpretation of Minechika in view of the prior art of record would have 
resulted in the present invention as recite in claims 1 and 9. It is respectfully submitted that 
claims 1 and 9, as well as claims 2-4 and 6-8 depending therefrom, are clearly allowable over the 
prior art of record. 

In item 8 of the Office Action, claim 5 is rejected under 35 USC § 103(a) as being 
unpatentable over Minechika in view of Nakajima et al. (US 2003/0067998). This rejection is 
inapplicable to claim 5 for the reasons below, and withdrawal of this rejection is respectfully 
requested. 

Claim 1, from which claim 5 depends, is not anticipated or rendered obvious by any of 
the prior art of record. Nakajima does not obviate the deficiencies in Minechika noted above, 
and therefore it is respectfully submitted that claim 5 is also allowable over the prior art of 
record. 

In view of the foregoing amendments and remarks, it is respectfully submitted that the 
present application is clearly in condition for allowance. An early notice thereof is earnestly 
solicited. 

If, after reviewing this Amendment, the Examiner feels that there are any issues 
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remaining which must be resolved before the application can be passed to issue, it is respectfully 
requested that the Examiner contact the undersigned by telephone in order to resolve such issues. 



AAD/JRF/kh 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
October 27, 2008 



Respectfully submitted, 
Mamoru SHOJI et al. 

/Aldo A. D'Ottavio/ 
By: 2008.10.27 14:28:04 -04' 00' 

Aldo A. D'Ottavio 
Registration No. 59,559 
Agent for Applicants 
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Version with Markings to 
Show Changes Made 



SERVO POSITION ADJUSTMENT METHOD AND 
SERVO POSITION ADJUSTMENT DEVICE 

BACKGROUND OF THE INVENTION 

Technical Field 
[0001] 

The present invention relates to a servo position adjustment method and a servo 
position adjustment device used for recording optical information to a recordable 
information recording medium. 
Background Art 
[0002] 

With optical disc devices that record digital information to an optical disc by 
irradiation with a laser beam, there may be differences between individual devices or 
recording media, and these can lower the quality of recording and reproduction signals. 

To prevent signal quality from being diminished by these individual differences, 
servo position adjustment is performed during the installation of the recording medium, 
and the system searches for the servo position that is ideal for the specific optical disc 
device or recording medium. 

FIG. 7 shows the structure of an optical disc in an example of prior art. In FIG. 7, 

701 is an optical disc, 702 is a track, and 703 is a convex/concave pit. 

As shown in FIG. 7, the optical disc 701 has a plurality of groove-shaped tracks 

702 formed in a spiral shape, and the tracks 702 are irradiated with an optical beam to 
record marks and user data in the spaces between the marks. 

Disc information, such as the recording capacity of the optical disc or the 
irradiation power during recording, is recorded in the convex/concave pits 703. In the 
past, in the recording of user data, first the convex/concave pit region would be 
reproduced and the servo position adjusted. For example, in the adjustment of focal 
position, every time the focal position is changed, a convex/concave pit string 703 is 
reproduced to acquire a jitter value, and the focal position that gives the lowest jitter 
value is selected. In the adjustment o f the lens tilt position, every time the lens tilt 
position is changed, the convex/concave pit string 703 is reproduced to acquire a jitter 



value, and the lens tilt position that gives the lowest jitter value is selected. The above 
servo position adjustment is the same in the case of a reproduction-only disc whose entire 
surface is covered by convex/concave pits. 

Patent Document 1 : Japanese Laid-Open Patent Application H8-45081 
Disclosure of the Invontion BRIEF SUMMARY OF THE INVENTION 
[0003] 

Problems Which the Invention is Intended to Solve 

However, with a Blu-Ray Disc (BD), for example, disc information is formed by 
changing the wavy shape of the tracks. With an optical disc such as this in which no 
convex/concave pits 702 are formed, accurately determining the servo adjustment 
position is difficult wit h the prior art. 

In light of the above situation, it is an object of the present invention to provide a 
servo position adjustment method and a servo position adjustment device for determining 
the optimal servo adjustment position even with optical discs in which no 
convex/concave pit string is present. 
Means Used to Solve the Abovc-Mcntioncd Problems 

To achieve the stated object, the servo position adjustment method of the present 
invention is a method for recording to an information recording medium in which a 
plurality of tracks are formed concentrically or spirally, and the recording side of the 
tracks is irradiated with an optical beam to record user data in marks and the spaces 
between marks, comprising a first servo position adjustment step, a recording step, and a 
second servo position adjustment step. In the recording step, a predetermined signal is 
recorded aftera first servo position adjustment. In the second servo position adjustment 
step,_a second servo position adjustment is performed by reproducing the track where the 
predetermined signal was recorded. 

With the present invention, servo position adjustment is performed in at least two 
stages: first servo position adjustment and second servo position adjustment. Also, the 
second servo position adjustment is performed by recording a predetermined signal after 
first servo position adjustment and then reproducing the track where the predetermined 
signal was recorded. As a result, even when recording to an optical disc in which no 
convex/concave pit string is present, individual variance between optical disc devices or 
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optical discs can be absorbed and the correct servo adjustment position determined, and 
user data can be correctly recorded. 

Also, the first servo position adjustment step and the second servo position 
adjustment step are steps of adjusting a servo position on the basis of different evaluation 
indices. 

The first servo position adjustment step is a step of adjusting the servo position so 
as to optimize an evaluation index with respect to tracking error. 

For instance, the servo position is adjusted to near the position of the maximum 
differential component of two signals outputted from a light receiving element disposed 
such that a light beam is split in two by a dividing line in the track direction. 

Also, the second servo position adjustment step is a step of adjusting a servo 
position so as to optimize an evaluation index with respect to a reproduction signal in a 
predetermined reproduction signal processing method. 

The "predetermined reproduction signal processing method" here is, for example, 
a reproduction signal processing method used when reproducing recorded user data. 

With the present invention, the servo position that is ultimately obtained is the 
position that is optimal for reproducing or recording signals. This makes it possible to 
record user data even more accurately. 

Also, the second servo position adjustment step is a step of adjusting a servo 
position so as to minimize a PRML error index M. 

With the present invention, using a PRML method is particularly effective when 
user data is being reproduced. 

Also, at least one of adjustments of focal position, lens tilt position, and spherical 
aberration position is performed in the first servo position adjustment step or the second 
servo position adjustment step. 

Also, recording conditions in the recording step are determined by test recording. 

With the present invention, recording is suitably performed in the recording step. 
Accordingly, the second servo position adjustment, which is performed by reproducing a 
recorded track, is carried out more favorably. 

Also, the recording conditions include conditions for pulse position and/or laser 
irradiation power in recording the predetermined signal. 
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For instance, pulse position and/or irradiation power is determined in the course 
of irradiating the recording side of a track with an optical beam using a plurality of drive 
pulses adjusted in number according to the length of the mark portion of the original 
signal. 

The servo position adjustment device of the present invention is a servo position 
adjustment device for adjusting a servo position in the course of recording to an 
information recording medium, in which a plurality of tracks are formed concentrically or 
spirally, and the recording side of the tracks is irradiated with an optical beam to record 
user data in marks and the spaces between marks, comprising a first servo position 
adjustment unit, a recording unit, and a second servo position adjustment unit. The 
recording unit is for recording a predetermined signal aftera first servo position 
adjustment. The second servo position adjustment unit is for performing_a second servo 
position adjustment by reproducing the track where the predetermined signal was 
recorded. 

With the present invention, servo position adjustment is performed in at least two 
stages: first servo position adjustment and second servo position adjustment. Also, the 
second servo position adjustment is performed by recording a predetermined signal after 
first servo position adjustment and then reproducing the track where the predetermined 
signal was recorded. As a result, even when recording to an optical disc in which no 
convex/concave pit string is present, individual variance between optical disc devices or 
optical discs can be absorbed and the correct servo adjustment position determined, and 
user data can be correctly recorded. 
Effect of the Invention 

With the servo position adjustment method of the present invention, servo 
position adjustment is performed in at least two stages: first servo position adjustment 
and second servo position adjustment. With the servo position adjustment method of the 
present invention, the second servo position adjustment is performed by recording a 
predetermined signal afte r the first servo position adjustment and then reproducing the 
track where the predetermined signal was recorded. As a result, even when recording to 
an optical disc in which no convex/concave pit string is present, individual variance 
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between optical disc devices or optical discs can be absorbed and the correct servo 
adjustment position determined, and user data can be correctly recorded. 
Brief Description of the Drawings 
[0004] 

FIG. 1 is a block diagram of the optical disc device in an embodiment of the 
present invention; 

FIG. 2 is a block diagram of the reproduction component in an embodiment of the 
present invention; 

FIG. 3 is a state transition diagram in an embodiment of the present invention; 

FIG. 4 is a trellis diagram in an embodiment of the present invention; 

FIG. 5 consists of Pa-Pb distribution graphs of the reliability of the decoding 

effect; 

FIG. 6 is a plan view of the optical disc in an embodiment of the present 
invention; 

FIG. 7 is a plan view of a conventional optical disc; 

FIG. 8 is a diagram of optical pulse waveforms in an embodiment of the present 
invention; 

FIG. 9 is a diagram of the recording method in an embodiment of the present 
invention; 

FIG. 10 is a block diagram of the reproduction component in an embodiment of 
the present invention; 

FIG. 1 1 is a diagram of the structure of the optical head of the present invention; 

FIG. 12 is a flowchart in an embodiment of the present invention; 

FIG. 13 consists of graphs of servo position measurement when a tracking error 
signal is used as an evaluation index in an embodiment of the present invention; 

FIG. 14 is a graph of the distribution of PRML error index M values when the 
first servo position adjustment step is not performed; and 

FIG. 15 is a graph of the distribution of PRML error index M values when the 
servo position adjustment method of the present invention is employed. 
Key 
[0005] 
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101 optical disc 

102 optical head 

104 reproduction component B 

108 recording and reproduction conditions determination component 

109 recording compensation circuit 
112 laser drive circuit 

1 1 1 recording power setting component 
115 reproduction component A 
117 servo position setting component 
201 pre-amplifier 

204 waveform equalizer 

205 A/D converter 

206 digital filter 

207 Viterbi decoder 

208 differential metric analyzer 
60 1 groove track 

701 optical disc 

702 track 

703 convex/concave pit 
1004 computer 

Best Mode for Carrying Out the Invontion DET AILED DESCRIPTION OF THE 
INVENTION 
[0006] 

Preferred embodiments of the present invention will now be described 
through w ith reference to the drawings. 
Structure 

FIG. 1 shows the structure of the optical disc device in an embodiment of the 
present invention. In FIG. 1, 101 is an optical disc, 102 is an optical head, 104 is a 
reproduction component B, 106 is a decoding/ECC circuit, 108 is a recording and 
reproduction conditions determination component, 109 is a recording compensation 
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circuit, 111 is a recording power setting component, 1 12 is a laser drive circuit, 1 15 is a 
reproduction component A, and 1 17 is a servo position setting component. 

FIG. 1 1 shows the structure of the optical head 102. In FIG. 1 1, 1 101 is a 
semiconductor laser, 1 102 is a collimating lens, 1 103 is a beam splitter, 1 104 is a convex 
lens, 1 105 is a concave lens, 1 106 is a quarter wave plate, 1 107 is an objective lens, and 
1108 is a PIN photodiode. 

FIG. 6 shows the track structure of the optical disc 101 in this embodiment. The 
optical disc 101 has a recording region in the groove track 601, and this groove track is 
formed in a continuous spiral pattern. The structure of the disc is not limited to this, 
however, and a plurality of tracks may instead be formed concentrically. 

Operation 

Before the structure of the optical disc device and the operation thereof are 
described in further detail, the basic concept of the servo position adjustment method of 
the present invention will be described through reference to a flowchart. 

FIG. 12 is a flowchart illustrating the servo position adjustment method of the 
present invention. Step SI 2a is a loading step, in which an installed disc is loaded. Step 
SI 2b is a first servo position adjustment step. Step SI 2c is a recording step, in which a 
predetermined signal is recorded. Step SI 2d is a second servo position adjustment step, 
in whicha second servo position adjustment is performed by reproducing the track where 
the predetermined signal was recorded. Step S12e is a user data recording step, in which 
user data is recorded at the servo positions set in steps SI 2a to SI 2d. 

The structure of the optical disc device and the operation thereof will now be 
described in further detail, and the steps shown in FIG. 12 will also be described in detail. 
The user data recording step is not unique to the present invention, and will therefore not 
be described in detail here. 

Loading Step 

Once the optical disc 101 has been installed in the optical disc device and 
predetermined operations such as identifying the type of disc and rotation control have 
been completed, the optical head 102 moves to the test region for setting the optimal 
recording power. The "test region" here refers to a region other than the user region 
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where the user records data, and is provided around the outermost or innermost periphery 
of the disc. 

First Servo Position Adjustment Step 

The method for adjusting the first servo position will now be described. The 
optical head 102 reproduces the test region in a state in which the tracking servo is moved 
away. An output signal 114 from the optical head is inputted to the reproduction 
component A 115. 

FIG. 10 is a block diagram of the reproduction component A 1 15. In FIG. 10, 
1001 is a pre-amplifier, 1002 is a sample/hold circuit, and 1003 is an A/D converter. The 
output signal 1 14 here is a tracking error signal, and is the differential component of two 
signals outputted from a light receiving element disposed such that a light beam is split in 
two by a dividing line in the track direction. 

The output signal 1 14 is amplified by the prc-amplifier 1001, the peak and bottom 
values are held by the sample/hold circuit 1002 and converted into digital values by the 
A/D converter 1003, and the difference between the peak and bottom values is calculated 
by the computer 1004. As a result, a signal 1 16 corresponding to the amplitude of the 
tracking error signal is inputted to the servo position setting component 1 17. 

The servo position setting component 1 1 7 outputs a signal 1 1 8 for changing the 
focal position 1 109 of the optical head 102. The servo position setting component 117 
acquires at every focal position the signal 1 16 corresponding to the amplitude of the 
tracking error signal, and determines the focal position at which the tracking error signal 
is at its maximum. 

Similarly, the servo position setting component 117 outputs the signal 1 18 for 
changing the lens tilt position 1 1 10 of the optical head 102. The servo position setting 
component 117 acquires at every lens tilt position the signal 116 corresponding to the 
amplitude of the tracking error signal, and determines the lens tilt position at which the 
tracking error signal is at its maximum. The "lens tilt position" here is the tilt of the 
objective lens 1 107, and in particular is the amount of tilt for correcting tilt of the disc in 
the radial direction. 

With a multilayer disc such as a BD, spherical aberration occurs when switching 
between layers, so the spherical aberration position has to be adjusted. Here again, the 
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servo position setting component 117 outputs the signal 1 18 for changing the spherical 
aberration position 1111 of the optical head 102. The servo position setting component 
117 acquires at every spherical aberration position the signal 116 corresponding to the 
amplitude of the tracking error signal, and determines the spherical aberration position at 
which the tracking error signal is at its maximum. 

The servo position setting component 1 1 7 performs adjustment of the above- 
mentioned focal position, lens tilt position, or spherical aberration position, or may 
perform any two of these adjustments, or all of them. 

In this embodiment, the way the spherical aberration position is changed is to 
change the position 1111 of the convex lens 1 104 by using a spherical aberration position 
correction component constituted by the convex lens 1 104 and the concave lens 1 105, but 
the method for changing the spherical aberration position need not be limited to this. 

Because the focal position and the spherical aberration position are in a mutually 
dependent relationship, the tracking error signal may be acquired while the focal position 
and spherical aberration position are dispersed in the form of a two-dimensional map, for 
example. This will be described through reference to FIG. 13. 

FIG. 13 consists of graphs showing by contours the distribution of the value of the 
tracking error signal (amplitude of tracking error signal) versus the focal position and 
spherical aberration position. Specifically, the tracking error signal is measured while 
varying the focal position and the spherical aberration position, and the distribution 
thereof is shown by contours. In FIG. 13, there is a portion near the center (the ridge 
portion of the contours) where the value of the tracking error signal becomes larger from 
the upper left toward the lower right in the graph, and the value of the tracking error 
signal becomes smaller from near the center toward the upper right and the lower left. 

The servo position setting component 1 17 searches for the optimal values for the 
focal position and spherical aberration position on the basis of the distributions in FIG. 13. 

This search for the optimal values will be described through reference to FIG. 13a. 
The servo position setting component 1 17 measures the amplitude of the tracking error 
signal while varying the focal position and spherical aberration position (procedure 1). 
Also, the line passing through the place where the amplitude of the tracking error signal 
is largest is approximated (see approximation line la) (procedure 2). Further, the 
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spherical aberration position when the focal position is at a predetermined initial value is 
found on the approximation line la, and the focal position and spherical aberration 
position at this point are termed the optimal servo position Pa (procedure 3). The initial 
value of the focal position set in procedure 3 is a value preset at the optical disc device 
factory, for example, and is set to 0 um in FIG. 13a. 

Procedures 2 and 3 may be as follows. This will be described through reference 
to FIG. 13b. In procedure 2-1, the range of the spherical aberration position at which the 
tracking error signal value becomes larger is found (value vl to value v2) for when the 
focal position is a predetermined initial value (0 um in FIG. 13b). Procedure 2'-2 
involves searching for the focal positions at which the tracking error signal is at its largest 
in the spherical aberration position vl and the spherical aberration position v2 (points pi 
and p2). In procedure 2'-3, the line linking point pi and point p2 is termed the line that 
passes through where the amplitude of the tracking error signal is large (see the 
approximation line lb). In procedure 3', the median value Vb of the value vl and the 
value v2 is found, the focal position when the spherical aberration position is the median 
value Vb is found on the approximation line lb, and the focal position and spherical 
aberration position at this point are termed the optimal servo position Pb. 

The servo position setting component 1 1 7 need not perform the above-mentioned 
procedures 1, 2, and 2'. In this case, procedure 3 or 3' is performed using an 
approximation line that has been stored ahead of time. 

The servo position setting component 1 17 may search for the point at which the 
amplitude of the tracking error signal becomes large while the spherical aberration 
position and the focal position are varied on the previously stored approximation line, 
without performing the above-mentioned procedures 1, 2, and 2'. 

Also, the servo position setting component 1 17 may search for the focal position 
and the spherical aberration position without utilizing approximation lines. For instance, 
if the initial value of the focal position has been determined, a search is made for the 
spherical aberration position at which the tracking error signal value is at its maximum, in 
a state in which the focal position has been fixed at its initial value. Further, a search is 
made for the focal position at which the tracking error signal value is at its maximum, in 
a state in which the spherical aberration position has been fixed at its searched value. The 
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result is that the focal position and spherical aberration position are determined as the 
optimal servo position. 

A search in which the tracking error signal versus the focal position and the 
spherical aberration position is used as an evaluation index was described above, but it is 
similarly possible to perform searches including many other servo position parameters 
(such as the lens tilt position). 

A test region for setting the optimal recording power is used in this embodiment 
as the region where first servo position adjustment is performed, but the present invention 
is not limited to this, and a region in which recording is not performed, for example, may 
be used instead. For instance, with a phase-change type of optical disc, the reflectivity in 
a recorded region is different from that in an unrecorded region, so the amplitude of the 
tracking error signal is also different. 

Therefore, if a region that has been partially recorded is reproduced, there will be 
places where the amplitude of the tracking error signal is small, and processing such as 
selection by the computer 1004 of the maximum value of the obtained signal will be 
necessary, but if a region where no recording is performed is used, the amplitude of the 
tracking error signal will be stable, allowing the amplitude of the tracking error signal to 
be measured more simply. 

The amplitude of the tracking error signal is detected in this embodiment to 
perform the first servo adjustment, but another signal may be detected instead. 

Recording Step 

Next, the recording of a predetermined signal is performed in a state in which the 
servo position is the one found in the first servo position adjustment. During recording, 
the peak power, bias power, and bottom power are set in the laser drive circuit 1 12 by the 
recording power setting component 111. The settings here may be carried by the optical 
disc 101, or, when a given optical disc has already been recorded to in the past, the 
recording power used at that time may be used again. 

A signal 1 10 for continuously recording one time around the groove track from a 
predetermined position is then sent from the recording compensation circuit 109 to the 
laser drive circuit 1 12. In the second servo position adjustment (discussed below), 
recording of just one rotation is fine for focal position adjustment, but in the case of lens 
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tilt position adjustment, it is preferable for the adjustment to include the effect of 
crosstalk from adjacent tracks, so the recording is continued for at least three rotations 
around the groove track. Also, the recorded signal is preferably a random signal 
according to a modulation rule. 

Second Servo Position Adjustment Step 

Once recording is finished, second servo position adjustment is performed. The 
method for adjusting the second servo position will now be described. The 
semiconductor laser of the optical head 102 emits light at reproduction power, the track 
just recorded is reproduced, and a signal 103 that varies with whether or not there are 
recording marks on the optical disc 101 is inputted as a reproduction signal to the 
reproduction component B 104. 

FIG. 2 is a block diagram of the reproduction component B 104. In FIG. 2, 201 is 
a pre-amplifier, 202 is a bypass filter, 203 is an AGC circuit, 204 is a waveform equalizer, 
205 is an A/D converter, 206 is a digital filter, 207 is a Viterbi decoder, and 208 is a 
differential metric analyzer. The signal 103 is amplified by the pre-amplifier 201 and 
AC-coupled with the bypass filter 202, after which it is inputted to the AGC 203. The 
AGC 203 adjusts the gain so that the output of the subsequent waveform equalizer 204 
will be at a constant amplitude. 

The reproduction signal outputted from the AGC 203 has its waveform shaped by 
the waveform equalizer 204. The reproduction signal whose waveform has thus been 
shaped is inputted to the A/D converter 205. The A/D converter 205 samples the 
reproduction signal with a clock 209. The clock 209 here is extracted by inputting the 
reproduction signal to a PLL (not shown). The reproduction signal sampled by the A/D 
converter 205 is inputted to the digital filter 206. The digital filter 206 has frequency 
characteristics such that the frequency characteristics of the recording and reproduction 
system are the characteristics assumed for the Viterbi decoder 207 (in this embodiment, 
PR (1, 2, 2, 1) equalization characteristics). 

The Viterbi decoder 207 performs maximum likelihood decoding using the output 
data from the digital filter 206, and outputs binary data 105. The data outputted from the 
digital filter 206 and the binary data 105 outputted from the Viterbi decoder 207 are 
inputted to the differential metric analyzer 208. The differential metric analyzer 208 
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identifies state transition from the binary data of the Viterbi decoder 207. Furthermore, 
the differential metric analyzer 208 calculates the PRML error index M, which indicates 
the reliability of the decoding result, from the identification result and the data outputted 
from the digital filter 206. The output result 107 is inputted to the servo position setting 
component 117. 

The servo position setting component 1 17 outputs the signal 1 18 for varying the 
focal position 1 109 of the optical head 102. The servo position setting component 117 
acquires the PRML error index M for every focal position, and determinates the focal 
position at which the PRML error index M is at its minimum. 

Similarly, the servo position setting component 117 outputs the signal 1 18 for 
varying the lens tilt position 1 1 10 of the optical head 102. The servo position setting 
component 117 acquires the PRML error index M for every lens tilt position, and 
determines the lens tilt position at which the PRML error index M is at its minimum. The 
"lens tilt position" is the tilt of the objective lens 1 107, and in particular is the amount of 
tilt for correcting tilt of the disc in the radial direction. 

With a multilayer disc such as a BD, spherical aberration occurs when switching 
between layers, so the spherical aberration position has to be adjusted. Here again, the 
servo position setting component 1 17 outputs the signal 1 18 for changing the spherical 
aberration position 1111 of the optical head 102. The servo position setting component 
117 acquires the PRML error index M at every focal position, and determines the 
spherical aberration position at which the PRML error index M is at its minimum. 

The servo position setting component 1 17 performs adjustment of the above- 
mentioned focal position, lens tilt position, or spherical aberration position, or may 
perform any two of these adjustments, or all of them. Also, the adjustment of the servo 
position may involve adjusting the same type of servo position as that adjusted using the 
signal 116 outputted from the reproduction component A 1 15, or may involve adjusting a 
different kind of servo position. 

In this embodiment, the way the spherical aberration position is changed is to 
change the position 1111 of the convex lens 1 104 by using a spherical aberration position 
correction component constituted by the convex lens 1 104 and the concave lens 1 105, but 
the method for changing the spherical aberration position need not be limited to this. 
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Because the focal position and the spherical aberration position are in a mutually 
dependent relationship, the PRML error index M may be acquired while the focal 
position and spherical aberration position are dispersed in the form of a two-dimensional 
map, for example. 

In this embodiment, the servo position is set so that the PRML error index M is at 
its minimum, but may instead be set in the middle of the servo position range in which 
the PRML error index M is at or below a predetermined value. 

The search for the servo position using the PRML error index M as the evaluation 
index is the same as when the tracking error signal is used as the evaluation index (is the 
same as that described through reference to FIG. 13, for example), and will therefore not 
be described again. 

Effect 

In this embodiment, the servo position adjustment is performed in at least two 
stages: first servo position adjustment and second servo position adjustment. Also, the 
second servo position adjustment is performed by recording a predetermined signal after 
the first servo position adjustment and reproducing the track where the predetermined 
signal was recorded. As a result, even when recording to an optical disc in which no 
convex/concave pit string is present, individual variance between optical disc devices or 
optical discs can be absorbed and the correct servo adjustment position determined, and 
user data can be correctly recorded. 

This will be described further through reference to FIGS. 14 and 15. FIGS. 14 
and 15 are graphs of the distribution of PRML error index M versus the focal position 
and the spherical aberration position, shown by contours. Specifically, the PRML error 
index M is measured while the focal position and spherical aberration position are varied, 
and the distribution is shown by contours. 

FIG. 14 is a graph of the distribution of PRML error index M values when just the 
second servo position adjustment was performed, that is, when the first servo position 
adjustment was not performed (see step SI 3a in FIG. 13). FIG. 15 is a graph of the 
distribution of PRML error index M values when the servo position adjustment method 
described in this embodiment was performed. 
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In FIGS. 14 and 15, the PRML error index M is at its minimum near the center of 
the graph, and the value of the PRML error index M increases toward the outer periphery 
of the graph. 14a in FIG. 14 and 15a in FIG. 15 indicate the PRML error index M of the 
same value. Specifically, in FIG. 14, the value of the PRML error index M worsens 
overall, with the distribution becoming indistinct near the center. Accordingly, in FIG. 
14, the position at which the PRML error index M is at its minimum is unclear. Research 
by the inventors of the present invention seems to indicate that this phenomenon is 
mainly attributable to inadequate test recording of the predetermined signal. 

In FIG. 15, meanwhile, the PRML error index M has a distinct peak near the 
center of the graph. Specifically, since test recording is performed after the first servo 
position adjustment, test recording of the predetermined signal is suitably performed, and 
the second servo position adjustment that is performed by reproducing the recorded 
signal is also suitably performed. Thus, the correct servo position can be ascertained. 

Also, with this embodiment, the first servo position adjustment is performed using 
a tracking error signal, and the second servo position adjustment is performed by 
reproducing a recorded track. The tracking error signal depends on the groove shape of 
the optical disc 101, and the rough servo position can be determined by acquiring a 
tracking error signal, but the optimal servo position for recording and reproducing signals 
is not necessarily obtained. Particularly when the objective lens of the optical head 102 
has a large NA (Numerical Aperture) of about 0.85, as with a BD, a very slight deviation 
in servo position will greatly diminish signal quality, so determining the optimal servo 
position by reproducing a track where a signal has been recorded, as in the second servo 
position adjustment in this embodiment, is effective. 

Also, performing the first servo position adjustment by using a tracking error 
signal, and performing the second servo position adjustment by reproducing a recorded 
track has the following effect. For example, when the servo position is adjusted by using 
the same evaluation index in both the first servo position adjustment and the second servo 
position adjustment, or more specifically, when servo position adjustment is performed at 
rough precision in the first servo position adjustment and is performed at fine precision in 
the second servo position adjustment, there is no guarantee that the servo position 
ultimately obtained will be a position suitable for the recording or reproduction of signals, 



15 



and it is generally considered to be determined at a position away from the servo position 
that is optimal for the recording or reproduction of signals. 

On the other hand, if the first servo position adjustment is performed by using a 
tracking error signal, and the second servo position adjustment is performed by 
reproducing a recorded track, as in this embodiment, the servo position that is ultimately 
obtained is a position at which the tracking servo is stable and which is suitable for the 
recording or reproduction of signals. 

Performing the first servo position adjustment prevents the occurrence of tracking 
deviation or focus deviation during the second servo position adjustment or during the 
recording of a signal after the first servo position adjustment. 

Also, determining the approximate range of the servo position by performing first 
servo position adjustment allows the range over which the second servo position 
adjustment will be performed to be identified, so the servo position can be adjusted in 
less time. 

PRML 

The PRML error index M will now be described. First, we will discuss the 
method for evaluating reproduction signal quality when maximum likelihood decoding is 
used. Maximum likelihood decoding is generally a decoding method in which 
reproduction patterns of a reproduction waveform are estimated beforehand, and the 
reproduction waveform and the estimated waveforms are compared while it is determined 
which pattern is closest. We will discuss here an example in which a minimum polarity 
inversion interval of 2 is used as the recording code. We will also describe a case in 
which waveform shaping is performed so that the frequency characteristics of the 
recording system and the frequency characteristics of the reproduction system are 
subjected to PR (1, 2, 2, 1) equalization together. We will let bk be the recording code [at 
the current time k], bk-i the recording code one unit time before [the current time], bk-2 
the recording code two unit times before [the current time], and bk-3 the recording code 
before three unit times before [the current time]. If we let LeveL be the ideal output 
value of PR (1, 2, 2, 1) equalization, then Level v is expressed by Mathematical Formula 1. 

Mathematical Formula 1 : 

Level v = bk-3 + 2b k - 2 + 2b k i + b k 
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Here, k is an integer indicating time and v is an integer from 0 to 6. 
Table 1 below is a state transition table, where a state at time k is represented by 
S(bk-2, b k -i, b k ). 



Table 1 

State transition table determined from restrictions of a 
minimum inversion interval of 2 and PR (1, 2, 2, 1) 



State at time k-1 
S(b k _ 3 , b k _ 2 , b k _i) 


State at time k 
S(b k _ 2 , bk_i, b k ) 


B k /Level v 


S(0, 0, 0) 


S(0, 0, 0) 


0/0 


S(0, 0, 0) 


S(0, 0, 1) 


1/1 


S(0, 0, 1) 


S(0, 1, 1) 


1/3 


S(0, 1, 1) 


S(l, 1,0) 


0/4 


S(0, 1, 1) 


S(l, 1, 1) 


1/5 


S(1,0, 0) 


S(0, 0, 0) 


0/1 


S(1,0, 0) 


S(0, 0, 1) 


1/2 


S(l, 1,0) 


S(1,0,0) 


0/3 


S(l,l,l) 


S(l, 1,0) 


0/5 


S(l,l,l) 


S(l,l,l) 


1/6 



FIG. 3 is a state transition diagram in which a state S(0, 0, 0)k at time k is 
represented by S0k, a state S(0, 0, l)k is represented by SI k, a state S(0, 1, l)k is 
represented by S2 k , a state S(l, 1, l) k is represented by S3k, a state S(l, 1, 0)k is 
represented by S4k, and a state S(l, 0, 0)k is represented by S5k for the sake of simplicity. 
The trellis diagram of FIG. 4 is obtained by extending this state transition diagram along 
the time axis. If we look at the state S0k at time k and the state S2k-^ at time k-4, we see 
there are two possible state transition sequences between the state S0k and the state S2 k -4. 
One of the possible state transition sequences is referred to as path A. The path A is a 
transition sequence of states S2 k -4, S4 k -3, S5k-2, S0k-i, and S0k. The other state transition 
sequence is referred to as path B. The path B is a transition sequence of states S2k^t, 
S3k-3, S4 k -2, S5k-i, and S0k. The results of maximum likelihood decoding from time k-6 
to time k is represented by (Ck-6, Ck-5, Ck-^t, Ck-3, Ck-2, Ck-i, Ck). In this case, when the 
decoding result (Ck-6, Ck-5, Ck-4, Ck-3, Ck-2, Ck-i, Ck) equals (0, 1, 1, x, 0, 0, 0) (where x is 
0 or 1), it is estimated that the state transition sequence of either path A or path B is most 
likely. Since path A and path B have the same likelihood that a state at time k-4 is the 
state S2 k -4, by calculating sum of squares of the difference between the expected value 
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and the value from a reproduced signal Y k -3 to Y k on each of path A and path B from 
time k-3 to time k, it is determined whether the state transition sequence of path A or that 
of path B is most likely. If we let Pa be the sum of squares of the difference between the 
expected value and the value from a reproduced signal Y k -3 to Yk on path A from time k- 
3 to time k, then Pa is expressed by the following Mathematical Formula 2, and if we let 
Pb be the sum of squares of the difference between the expected value and the value from 
a reproduced signal yk-3 to yk on path B from time k-3 to time k, then Pb is expressed by 
the following Mathematical Formula 3. 

Mathematical Formula 2: 

Pa = (y k _ 3 - 4f + (y k _ 2 - 3) 2 + (y k _, - l) 2 + (y k - 0) 2 

Mathematical Formula 3: 

Pb = (y k _ 3 - 5) 2 + (y k _ 2 - 5) 2 + (y k -i - 3) 2 + (y k - l) 2 

The meaning of the difference Pa-Pb between Pa and Pb, which indicates the 
reliability of the decoding result, will now be described. A maximum likelihood 
decoding circuit selects path A with high confidence if Pa « Pb, and path B if Pa » Pb. 
If Pa = Pb, either path A or path B could conceivably be selected, and the decoding result 
would be true half the time. Thus, a distribution of Pa - Pb is obtained by finding Pa - 
Pb from a predetermined time or a predetermined number of iterations and the decoding 
result. FIG. 5 shows distributions of Pa - Pb. 

FIG. 5a shows a distribution of Pa - Pb when noise is superimposed over a 
reproduction signal. The distribution has two peaks, one of which is the maximum 
incidence when Pa = 0, and the other of which is the maximum incidence when Pb = 0. 
We will let -Pstd be the value of Pa - Pb when Pa = 0, and Pstd the value of Pa - Pb 
when Pb = 0. The absolute value of Pa - Pb is taken and | Pa — Pb | -Pstd is found to 
obtain the distribution shown in FIG. 5b. The standard deviation a and the average Pave 
of this distribution are found. If we assume this distribution to be a normal distribution, 
then the error probability P (a, Pave), which is the probability that the reliability | Pa - 
Pb I of a decoding result will be equal to or less than -Pstd, for example, can be found 
from a and Pave as shown in Mathematical Formula 4. 

Mathematical Formula 4: 
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P(g, Pave) = er/c((Pstd + Pave)/a) 

Therefore, the error rate of a binary result produced by maximum likelihood 
decoding can be predicted from the average Pave and the standard deviation a of the 
distribution of Pa - Pb. In other words, the average Pave and the standard deviation a 
can serve as indices of reproduction signal quality. The distribution of | Pa - Pb | was 
assumed to be a normal distribution in the above example, but if the distribution is not a 
normal distribution, the number of times that the value of | Pa - Pb | -Pstd is less than or 
equal to a predetermined reference value is counted, and the resulting count can be an 
index of signal quality. 

In the case of the state transition rule defined by the recording code having a 
minimum polarity inversion interval of 2 and by PR (1 , 2, 2, 1) equalization, the state 
makes a transition from one predetermined state to another predetermined state, and there 
are two possible combinations for the state transition sequence here: eight patterns from 
time k-4 to time k, and eight patterns from time k-5 to time k, but what is important here 
is that the reliability Pa - Pb serves as an index of reproduction signal quality, so if only 
patterns with a high probability of error are detected, these patterns can be used as an 
index that is correlated to the error rate, without having to detect all the patterns. The 
"patterns with a high probability of error" here are patterns with a low reliability Pa - Pb 
value, and are the eight patterns with which Pa - Pb = +10. Table 2 shows the results of 
finding Pa - Pb for these eight patterns. 

Table 2 



Combinations of the shortest state transitions in which there can be two transitions 



State transition 


Reliability of decoding result (Pa - Pb) 


Pa = 0 


Pb = 0 


S2 k _ 4 ^ S0 k 


10 


+10 


S3 k _ 4 ^ S0 k 


10 


+10 


S2 k _ 4 ^ Sl k 


10 


+10 


S3 k _ 4 ^ Sl k 


10 


+10 


S0 k _ 4 ^ S4 k 


10 


+10 


S5 k . 4 ^ S4 k 


10 


+10 


S0 k _ 4 ^ S3 k 


10 


+10 


S5 k _ 4 -> S3 k 


10 


+10 
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Mathematical Formula 5 shows the reliability Pa - Pb of the above-mentioned 
eight decoding results. 

Mathematical Formula 5: 
Pattern 1 

when (c k -6, c k - 5 , Cm, c k - 3 , c k -2, c k -i, c k ) = (0, 1, 1, x, 0, 0, 0), 
Pa - Pb = (E k _ 3 - F k _ 3 ) + (Dk_2 - F k . 2 ) + (B kl - Dk.i) + (A k - B k ) 
Pattern 2 

when (c k _ 6 , c k _ 5 , c k _ 4 , c k _ 3 , c k _ 2 , c k _ 1? c k ) = (1, 1, 1, x, 0, 0, 0), 
Pa - Pb = (F k _ 3 - G k _ 3 ) + (Dfc.2 - F k _ 2 ) + (Bk-i - D k -i) + (A k - B k ) 
Pattern 3 

when (c k _ 6 , c k _ 5 , c k _ 4 , c k _ 3 , c k _ 2 , c k _i, c k ) = (0, 1, 1, x, 0, 0, 1), 
Pa - Pb = (E k _ 3 - F k . 3 ) + (D k _ 2 - F k _ 2 ) + (B k .i - D k _i) + (B k - C k ) 
Pattern 4 

when (c k . 6 , c k _ 5 , c k _ 4 , c k _ 3 , c k _ 2 , c k _i, c k ) = (1, 1, 1, x, 0, 0, 1), 
Pa - Pb = (F k . 3 - G k _ 3 ) + (Dfc.2 - F k . 2 ) + (B k .i - D k _i) + (B k - C k ) 
Pattern 5 

when (c k .6, c k . 5 , cm, c k . 3 , c k . 2 , c k _i, c k ) = (0, 0, 0, x, 1, 1, 0), 
Pa - Pb = (A k . 3 - B k _ 3 ) + (B k _ 2 - D k _ 2 ) + (D k .i - F k .i) + (E k - F k ) 
Pattern 6 

when (c k .6, c k _ 5 , c k _ 4 , c k _ 3 , c k _ 2 , c k _i, c k ) = (1, 0, 0, x, 1, 1, 0), 
Pa - Pb = (B k .3 - C k . 3 ) + (B k . 2 - D k _ 2 ) + (D kl - F k _i) + (E k - F k ) 
Pattern 7 

when (c k _ 6 , c k _ 5 , c k _ 4 , c k _ 3 , c k _ 2 , c k _i, c k ) = (0, 0, 0, x, 1, 1, 1), 
Pa - Pb = (A k .3 - B k _ 3 ) + (Bfc.2 - Ota) + (Dfc.j - F k .i) + (F k - G k ) 
Pattern 8 

when (c k _ 6 , c k _ 5 , c k _ 4 , c k . 3 , c k . 2 , c k _i, c k ) = (1, 0, 0, x, 1, 1, 1), 

Pa - Pb = (B k .3 - C k _ 3 ) + (B k .2 - D k _ 2 ) + (D k _i - F k _i) + (F k - G k ) 

Here, A k = (y k - 0) 2 , B k = (y k - if, C k = (y k - 2) 2 , D k = (y k - 3) 2 , E k = (y k - 4) 2 , F k 
= (y k - 5) 2 , and G k = (y k - 6) 2 . Pa - Pb that satisfies Mathematical Formula 5 is found 
from the maximum likelihood decoding result c k , and the standard deviation aio and the 
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average Paveio are found from the distribution thereof. If we assume a normal 
distribution, the probability Pi 0 at which each error will occur is expressed by 
Mathematical Formula 6. 

Mathematical Formula 6: 

Pio(aio, Paveio) = erfc(lO + Paveio/aio) 

These eight patterns are patterns in which a 1-bit shift error occurs, and the others 
are patterns in which a 2- or more bit shift error occurs. Analysis of post-PRML 
processing error patterns reveals that nearly all the errors are 1-bit shift errors, which 
means that the error probability of a reproduction signal can be estimated from 
Mathematical Formula 6, and the standard deviation aio and the average value Paveio can 
be used as indices of the quality of the reproduction signal. For example, the above- 
mentioned index can be defined as the PRML error index M as follows. 

Mathematical Formula 7: 

M=(a l0 /2-d aia 2 ) [%] 

Here, cl mm 2 is the square of the minimum value of a Euclid Euclidcan distance, 
which is equal to 10 when the modulation code of this embodiment is combined with the 
PRML system. The average Paveio in Mathematical Formula 7 is assumed to be 0. 

The PRML error index M is used in this embodiment, but any other index may be 
used instead, as long as it is based on Pa - Pb. 

Further, a case in which PR (1, 2, 2, 2, 1) equalization is performed using a code 
in which the minimum polarity inversion interval is 2 as the recording code was 
described in this embodiment, but the present invention is not limited to this. For 
instance, the above example can be applied to a case in which the recording code has a 
minimum polarity inversion interval of 2, such as with (1,7) modulation code, and in a 
case in which it has a minimum polarity inversion interval of 3, such as with 8-16 
modulation code, which is used for DVD, the present invention can be worked by using a 
state transition rule in which six states are present in time k by PR (1, 2, 2, 1) equalization, 
and there are only eight possible state transitions to the six states at time k + 1 . 

Therefore, the present invention can also be applied to a case in which a 
combination of a recording code having a minimum polarity inversion interval of 3 and 
PR (CO, CI, CI, CO) equalization is used, or a case in which a combination of a code 
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having a minimum polarity inversion interval of 2 or 3 and PR (CO, CI, CO) equalization 
is used, or a case in which a combination of a code having a minimum polarity inversion 
interval of 2 or 3 and PR (CO, CI, C2, CI, CO) equalization is used. CO, CI, and C2 here 
are any positive number. 

Furthermore, the PRML error index M is used in this embodiment as an index in 
performing the second servo position adjustment, but the index may instead be any other 
index obtained by reproduction of a signal, such as jitter or BER (Byte Error Rate). 

Determining Recording Conditions by Learning 

In this embodiment, the recording of a predetermined signal is performed in a 
state in which the servo position has been found by first servo position adjustment, but 
the recording conditions may be determined by performing test recording prior to the 
main recording. 

If the recording is performed under recording conditions optimized by test 
recording, there will be an improvement in the quality of the signal recorded to the track 
where the second servo position adjustment is performed, and the second servo position 
adjustment can be carried out more accurately. 

Examples of recording conditions include pulse position and irradiation power 
when a plurality of drive pulses are used to irradiate a track with a light beam. The 
operation involved in determining the optical waveform during recording will now be 
described. 

FIG. 8 shows the optical waveform outputted from the optical head 102 during 
recording in this embodiment. In this embodiment, data of the run length limited (1,7) 
modulation type is recorded by mark edge recording. In this case, there are seven types 
of marks and spaces for every T, which is a reference period from the shortest (2T) to the 
longest (8T). The recording method is not limited to this, however, and other recording 
methods may be used instead. 

As shown in FIG. 8, irradiation power includes peak power (Pw), bias power (Pe), 
and bottom power (Pbw). Pulse positions include Ttop, dTtop, Tmp, and dTe. 
Recording of a 2T mark is performed with a single pulse, recording of a 3T mark is 
performed with two pulses, and the number of pulses increases by one each time the mark 
length increases by T. In this embodiment, all marks are applicable to peak power (Pw), 
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bias power (Pe), and bottom power (Pbw), all marks are applicable to Tmp, and Ttop, 
dTtop, and dTe can be set in classifications of 2T, 3T, and 4T and higher, although the 
classification method is not limited to this. Parameters for determining the optical 
waveform are not limited to those in this embodiment. 

In determining the irradiation power, first the peak power, bias power, and bottom 
power are set in the laser drive circuit 1 12 by the recording power setting component 111. 
Then a signal 1 10 for continuously recording one groove track rotation from a 
predetermined position is sent from the recording compensation circuit 109 to the laser 
drive circuit 1 12. The recorded signal is a signal in which an 8T mark and an 8T space 
are contiguous, and recording is performed by varying the recording power between four 
conditions A, B, C, and D for one rotation, as shown in FIG. 9. 

The ratio between peak power, bias power, and bottom power here is fixed. The 
four conditions can be repeated a plurality of times around one rotation to absorb tilt 
variance in the circumferential direction of the optical disc 101. 

Once the recording is complete, the semiconductor laser of the optical head 102 
emits light at reproduction power, and the track just recorded is reproduced. A signal 103 
that varies with whether or not there are recording marks on the optical disc 101 is 
inputted as a reproduction signal to the reproduction component B 104. The signal 103 is 
amplified by the pre-amplifier 201, the peak and bottom values of the 8T signal are held 
by a sample/hold circuit 219, and peak and bottom values are converted into digital 
values by an A/D converter 210, the degree of modulation of the 8T signal, for example, 
is calculated by a computer 211, and a signal 120 is inputted to the recording and 
reproduction conditions determination component 108. The recording and reproduction 
conditions determination component 108 determines the optimal recording power on the 
basis of the degrees of modulation of A, B, C, and D. 

In this embodiment, the degree of modulation of the reproduction signal was 
calculated by the computer 211, but amplitude or asymmetry may be used instead of the 
degree of modulation. Also, the irradiation power during recording was determined on 
the basis of the degree of modulation of an 8T single signal in this embodiment, but the 
method for determining the irradiation power is not limited to this, and the power may be 



23 



determined on the basis of the PRML error index M, or the jitter or BER of a random 
signal. 

Further, the ratio between peak power, bias power, and bottom power was fixed in 
this embodiment, but the peak power or the bias power or the bottom power may instead 
be determined independently. For instance, the bias power and bottom power may be 
fixed in determining the peak power, with each power determined individually. 

In determining the pulse position, the determined peak power, bias power, and 
bottom power are set in the laser drive circuit 1 12 by the recording power setting 
component 1 1 1 . A signal 1 10 for continuously recording one time around the groove 
track from a predetermined position is then sent from the recording compensation circuit 
109 to the laser drive circuit 1 12. Further, the recorded signal is a random signal and 
recording is performed by varying the pulse position between four conditions A, B, C, 
and D, for example, for one rotation, as shown in FIG. 9. The four conditions can be 
repeated a plurality of times around one rotation to absorb tilt variance in the 
circumferential direction of the optical disc 101. The pulse position is changed, for 
example, by changing the dTe of a 3T signal four ways in 1 ns units. 

Once the recording is complete, the semiconductor laser of the optical head 102 
emits light at reproduction power, and the track just recorded is reproduced. A signal 103 
that varies with whether or not there are recording marks on the optical disc 101 is 
inputted as a reproduction signal to the reproduction component B 104. In the 
reproduction component B 104, the signal 103 is amplified by the pre-amplifier 201 and 
AC-coupled with the bypass filter 202, after which it is inputted to the AGC 203. The 
AGC 203 adjusts the gain so that the output of the subsequent waveform equalizer 204 
will be at a constant amplitude. 

The reproduction signal outputted from the AGC 203 has its waveform shaped by 
the waveform equalizer 204. The reproduction signal whose waveform has thus been 
shaped is inputted to the A/D converter 205. The A/D converter 205 samples the 
reproduction signal with a clock 209. The clock 209 here is extracted by inputting the 
reproduction signal to a PLL (not shown). The reproduction signal sampled by the A/D 
converter 205 is inputted to the digital filter 206. The digital filter 206 has frequency 
characteristics such that the frequency characteristics of the recording and reproduction 
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system are the characteristics assumed for the Viterbi decoder 207 (in this embodiment, 
PR (1, 2, 2, 1) equalization characteristics). 

The Viterbi decoder 207 performs maximum likelihood decoding using the output 
data from the digital filter 206, and outputs binary data 105. The data outputted from the 
digital filter 206 and the binary data 105 outputted from the Viterbi decoder 207 are 
inputted to the differential metric analyzer 208. The differential metric analyzer 208 
identifies state transition from the binary data of the Viterbi decoder 207. Furthermore, 
the differential metric analyzer 208 calculates the PRML error index M (Mathematical 
Formula 7) , which indicates the reliability of the decoding result, from the identification 
result and the data outputted from the digital filter 206. The output result 107 is inputted 
to the recording and reproduction conditions determination component 108. 

What is obtained here is a value for M averaged for each of the conditions A, B, C, 
and D, and the conditions under which the PRML error index M is smallest are 
determined as the dTe pulse position conditions for subsequent 3T signals. Thereafter, 
the pulse positions are similarly determined in the order of the Ttop of a 3T signal, the 
dTtop of a 3T signal, the dTe of a 2T signal, the Ttop of a 2T signal, and the dTtop of a 
2T signal. 

In this embodiment, the pulse positions are determined on the basis of the PRML 
error index M of random signals, but the method for determining pulse positions is not 
limited to this, and the pulse positions may instead be determined on the basis of the BER 
or jitter of random signals. 

As discussed above, servo position adjustment is performed in at least two stages: 
first servo position adjustment and second servo position adjustment. Also, the second 
servo position adjustment is performed by recording a predetermined signal after the first 
servo position adjustment and then reproducing the track where the predetermined signal 
was recorded. As a result, even when recording to or reproducing from an optical disc in 
which no convex/concave pit string is present, individual variance between optical disc 
devices or optical discs can be absorbed and the correct servo adjustment position 
determined, and user data can be correctly recorded or reproduced. 

Particularly when the objective lens of the optical head 102 has a large NA 
(Numerical Aperture) of about 0.85, as with a BD, a very slight deviation in servo 
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position will greatly diminish signal quality, so performing servo position adjustment 
twice as in this embodiment is very effective. 

Furthermore, in this embodiment, the recording conditions are determined by 
performing test recording prior to the main recording in the course of recording a 
predetermined signal. This makes it possible to perform servo position adjustment by 
reproducing a recorded signal more favorably in the second servo position adjustment in 
which servo position adjustment is performed by reproducing a recorded track. 
Accordingly, the servo position can be adjusted more favorably. 

An optical disc in which no convex/concave pit string is present was described in 
this embodiment, but the present invention can also be applied to an optical disc in which 
a convex/concave pit string is present. Specifically, the_first servo position adjustment is 
performed using a track with no convex/concave pits, recording is performed after the 
first servo position adjustment, and then the second servo position adjustment is 
performed. Another option is to perform the first servo position adjustment using 
convex/concave pits, and then perform recording after the first servo position adjustment 
and the second servo position adjustment. 

Also, test recording may be performed again after the servo position adjustment 
has been performed twice as in this embodiment, and the irradiation power, pulse position, 
and other such recording conditions may be determined in the course of irradiating a 
track with a light beam using a plurality of drive pulses. This makes it possible to 
determine the recording conditions at a more correct servo position, and allows user data 
to be recorded more accurately. 

Other 

In the device described through reference to the drawings in the above 
embodiment, the various function blocks may be in the form of individual chips by using 
an LSI chip or other such semiconductor device, or single chips may be designed to 
include some or all of the function blocks. 

More specifically, a servo position adjustment device may be formed such that the 
reproduction component A 1 15, the reproduction component B 104, the recording and 
reproduction conditions determination component 108, the recording power setting 
component 111, and the servo position setting component 1 17 in FIG. 1 are made into a 
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single chip. Further, the first servo position adjustment unit is formed by the 
reproduction component A 1 15 and the servo position setting component 117. 
Recording A recording unit for performing the recording of a predetermined signal after 
first servo position adjustment is formed by the recording and reproduction conditions 
determination component 108 and the recording power setting component 111. Socond A 
second servo position adjustment unit for performing second servo position adjustment 
by reproducing a track in which the predetermined signal has been recorded is formed by 
the reproduction component B 104 and the servo position setting component 117. 

The term LSI was used above, but depending on the degree of integration, this is 
also sometimes referred to as an IC, system LSI, super-LSI, or ultra-LSI. 

The method for producing an integrated circuit is not limited to_an LSI, and a 
dedicated circuit or a multipurpose processor may be used instead. After LSI 
manufacture, an FPGA (Field Programmable Gate Array), or a reconfigurable processor 
that allows reconfiguration of circuit cell connections and settings within an LSI, may be 
utilized. 

Furthermore, if advances in or derivations of semiconductor technology should 
create some new integrated circuit technology that supplants LSI, naturally, that 
technology may be used to integrate the function blocks. The application of 
biotechnology or the like is also feasible. 
Industrial Applicability 
[0007] 

The method of the present invention for recording optical information is useful in 
high-density recording to an optical disc. 
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SERVO POSITION ADJUSTMENT METHOD AND 
SERVO POSITION ADJUSTMENT DEVICE 

ABSTRACT OF THE DISCLOSURE 
It is an object of the present invention to provide a method for absorbing 
individual variance between optical disc devices or optical discs, and for determining the 
optimal servo adjustment position even with optical discs in which no convex/concave pit 
string is present. When mounting a disc, servo position adjustment is performed in at 
least two stages: first servo position adjustment and second servo position adjustment. 
Also, the_second servo position adjustment is performed by recording a predetermined 
signal after the first servo position adjustment and reproducing the track where the 
predetermined signal was recorded. 



